In recent years, rapid progress in reproductive technology has enabled scientists to generate genetically modified animals for analysis of gene functions and human disease models in medical fields [3, 8, 9, 11] . Medical research using genetically modified animal models often requires the transportation or exchange of living animals, cells, embryos, sera, and other specimens between facilities, and the microbiological profiles of these animals are critical for avoiding introduction of pathogens (microbiological contamination). The use of SPF animals should minimize such risk. In general, SPF animal colonies are obtained by cesarean operation; however, recently, embryo transfer has been used (Received 30 November 2004 / Accepted 3 March 2005 Address corresponding: N. Watanabe, MSc, Biotek Co., Ltd., Tosu, Japan for microbiological cleaning, and is becoming the most important method in mice [7, 16] . In rabbits, however, embryo transfer has yet to be established as a method for microbiological cleaning.
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We previously developed several transgenic rabbit strains for studying atherosclerosis [2] [3] [4] [5] [6] , because rabbits have a similar lipid metabolism profile to that of humans. In addition, rabbits have several advantages over other animal models, such as a relatively large body size and suitability for surgical operations, and they are also easy to handle. They might therefore be applicable in transgenic technology as models for studying human diseases and as bioreactors for producing recombinant proteins. Recent studies have suggested that rabbits and mice might show different phenotypes even when the same gene is introduced [6] . This further indicates that the recipient species might affect the interpretation of results from transgenic studies thereby suggesting that selection of appropriate animal models for medical research is very important. In this respect, human apolipoprotein (a) (apo(a)) transgenic rabbits are a unique animal model for human lipoprotein (a) (Lp(a)) as well as atherosclerosis research [2, 4, 5] . Apo(a) is a special apolipoprotein only found in primates and hedgehogs. Apo(a) can bind to apoB100 low density lipoprotein (LDL) to form Lp(a) particles in plasma. High Lp(a) levels constitute an independent risk factor for the development of atherosclerosis. Human apo(a) in transgenic mice cannot bind to murine apoB to form Lp(a) particles, whereas human apo(a) in transgenic rabbits exhibits efficient assembly of Lp(a) [4] . Therefore, rabbits might be superior to mice for studying atherosclerosis. In the present report, we performed embryo transfer using frozen-thawed embryos in an attempt to establish a SPF colony of human apo(a) transgenic rabbits.
Human apo(a) transgenic rabbits were maintained under conventional conditions and Bordetella bronchiseptica was detected by culture. Other microbiological profiles are unknown except for Pasteurella multocida and Salmonella spp., but these organisms were negative. Embryos at the morula stage were collected and stored in liquid nitrogen. After thawing, the embryos that appeared morphologically normal were transferred into the oviducts of recipient SPF rabbits. The pups were screened by PCR and Western blot analysis to determine whether the rabbits were transgenic. To examine health status, all human apo(a) transgenic rabbits underwent microbiological examinations as shown in Table 1 . The experimental protocol was approved by Saga University Animal Experimentation Committee and performed according to the Saga University Guidelines for Animal Experimentation.
For embryo collection, 27 to 33-week-old normal female Japanese White (JW) rabbits (kbt:JW, Biotek) were used. To induce superovulation, female rabbits were subcutaneously injected with follicle stimulating hormone (FSH) (Kawasaki Pharmaceutical Co., Ltd., Kanagawa, Japan) dissolved in saline 6 times every 12 h with 0.5 AU [13, 14] . At 17 h after the last injection of FSH, female rabbits were coupled with a male hemizygous human apo(a) transgenic rabbit and injected intravenously with 100 U of human chorionic gonadotrophin (hCG) (Teikoku Hormone Mfg. Co., Ltd., Tokyo, Japan). At 65 h after the hCG injection, the rabbits were sacrificed by an overdose of anesthetic thiamylal sodium (Kyorin Pharmaceutical Co., Ltd., Tokyo, Japan), then morula stage embryos were collected by perfusion of the oviduct and upper one-third segment of the uterine horn with 10 ml of PB1 medium [21] .
After washing three times with PB1 medium, 10-20 morulae in 5 µl were transferred to 1.5-ml cryotubes maintained at 20°C on a thermo block. Next, 95 µl of vitrification solution consisting of ethylene glycol (EG), dimethyl sulfoxide (DMSO) and 0.3 M sucrose-PB1 medium at ratios of 4: 1: 5 (v: v: v) were added, then the cryotubes were kept at 20°C for 2 min. Two min after adding the vitrification solution, the cryotubes were plunged into liquid nitrogen to vitrify the embryos. For embryo thawing, the cryotubes were removed from the liquid nitrogen container and after discarding the liquid nitrogen maintained at room temperature for 90 seconds. Next, 0.9 ml of 0.5 M sucrose-PB1 medium warmed to 37˚C were added and the embryos were thawed with gentle pipetting. Thawed embryos were then transferred to 0.5 M sucrose-PB1 medium and washed three times at 2 min intervals. Morphologically normal embryos were selected and used for embryo transfer or in vitro culture at 38.5°C under 5% CO 2 for 48 h in M199 medium (Sigma, St. Louis, MO, USA) containing 20% fetal bovine serum.
For embryo transfer, 21 to 24-week-old female SPF JW rabbits (kbt:JW, Biotek) were used as recipients. Pseudopregnancy was induced in the recipient rabbits by injection of hCG at 47 h before embryo thawing (synchronized at -18 h) then 20-24 embryos (10-12 embryos in each oviduct) were transferred into each rabbit under anesthesia with ketamine at 50 mg/kg (Sankyo Co., Ltd., Tokyo, Japan) along with medetomidine at 2 mg/kg (Meiji Seika Kaisha Ltd., Tokyo, Japan).
For PCR analysis, DNA was subjected to 30 cycles of amplification (30 s at 94˚C, 30 s at 63˚C, 30 s at 72˚C) using a pair of primers for the human apo(a) gene: 5'-TATTTCTGAAATCATCAGCAC-3' and 5'-TTGCGTCAGGTTGCACTA-3' which give a 278 bp PCR product. Microbiological examinations were performed at the International Council for Laboratory Animal Science Monitoring Center, Central Institute for Experimental Animals, Japan. One 12-week-old rabbit obtained from embryo transfer was examined. In addition, other remaining pups and recipient rabbits were examined independently at Biotek undergoing the tests shown in Table 1 .
As shown in Table 2 , a total of 195 frozen embryos were thawed, and of these 179 were recovered (91.8%); 165 of the recovered embryos were morphologically normal (92.2%). Twenty-five embryos of the normal embryos were cultured in vitro for 48 h, and 20 embryos developed into blastcysts (80.0%). For embryo transfer, 125 embryos were transferred into 6 recipient rabbits; 4 became pregnant, and a total of 23 live young and 1 stillbirth were obtained. The pregnancy rate, mean litter size and percentage of pups born alive was 66.7%, 5.8 ± 2.4 and 18.4%, respectively (Table 2) . By PCR analysis, the transgene was detected in 9 of 23 pups, and all transgenic pups expressed human apo(a) protein by Western blot analysis (data not shown). In microbiological examinations, no microorganisms listed in Table 1 were detected in any of the examined rabbits.
Embryo transfer is not generally used for rabbit SPF colony preparation; rather, cesarean section remains the most widely used method for microbiologic cleaning although the methods of rabbit embryo transfer and embryo freezing have been studied for a long time [1, 15] . In the present report, we conducted embryo transfer using frozen-thawed embryos for the establishment of a SPF colony of human apo(a) transgenic rabbits. This method allows us to overcome various problems. First, to perform a cesarean operation we have to carry living rabbits into another facility, but transporting rabbits with unknown microbiologic profiles is accompanied by a large risk of microbiological contamination. Second, there is individual variation in the number of embryos that can be collected from one donor rabbit superovulated by hormonal treatment [13, 14] . In embryo transfer using fresh embryos, it is difficult to predict whether sufficient embryos will be obtained and often it is not possible to prepare enough recipients for the number of embryos required. Considering the high cost of rabbits compared to mice, it is necessary to make full use of embryos. As well as avoiding carrying living animals into another facility, we also need to ensure we prepare appropriate numbers of embryos and recipients when using frozen-thawed embryos for transfer. Until now, a large amount of research has been done on rabbit embryo cryopreservation [1, 10, 12, [17] [18] [19] [20] . Fertilized 1-or 2-cell stage eggs were found to be difficult to freeze [10] , whereas morula stage embryos were relatively easy to cryopreserve. Single or several mixed cryoprotectants such as DMSO, EG, glycerol and propanediol have been used in different embryo freezing procedures [12, 17, 20] . In the present study, morula stage embryos were selected for freezing, and a mixture of DMSO, EG and 0.3 M sucrose-PB1 medium was used as the cryoprotectant according to the modified method of Vicente et al. [20] . In the original protocol, they used a mixture of DMSO, EG and 0.3 M sucrose-PB1 medium at a ratio of 1: 1: 2 (v: v: v), and reported that 80.4-92.1% of the embryos were undamaged after vitrification and thawing [20] . In the present report, our survival rate did not differ from that of Vicente et al. [20] , showing 84.6% of the vitrified embryos were morphologically normal. We observed a pregnancy rate and born alive rate of 66.7 and 18.4%, respectively. However, these rates are still low compared to those described by Vicente et al. [20] (81.3-94.4% pregnancy rates and 49.6-56.1% born alive rates). In previous reports [12, 17, 20] , the in vitro survival rate of vitrified rabbit embryos after thawing was more than 80%, however, the in vivo survival rate was different. Kasai et al. [12] reported the highest percentage of in vivo survival rate in vitrified rabbit morulae (65%). Papis et al. [17] reported only 6.7% in vivo survival rate, though a very high in vitro developmental rate (89.5%) was observed in rabbit morulae vitrified with a solution containing propanediol and glycerol. We cannot explain the reason for the low rates of pregnancy and born alive in the present study, but a number of factors influence the success of pregnancy and in vivo survival: familiarity with the technique, the cryoprotectants used for embryo freezing, excess numbers of transferred embryos, and other unknown factors.
In conclusion, we report the establishment of a SFP colony of human apo(a) transgenic rabbits after transferring of frozen-thawed embryos. These rabbits are now maintained under a barrier system and are available for medical research. Furthermore, reproductive technology such as cryopreservation of sperm and embryos and in vitro fertilization is important not only for microbiological cleaning but also for long-term storage of bioresources.
